ABSTRACT This atlas contains sample spectra from the far-ultraviolet observations of32 symbiotic stars obtained with the ln~ernational Ultraviolet Exp~orer (IUE) satellite. In all.; 394 low-resolution spectra from the short-wavelength pnmary (SWP) camera c?venng the range 1200-2000 A have been extracted from the IUE archive, calibrated, and measured. Absolute hne fluxes and wavelengths for the prominent emission lines have been tabulated. Tables of both the general properties of these symbiotics and of features specific to the spectrum of each are included The spectr~ shown are repres~nt~tive of the different classes of symbiotic stars that are currently in the IUE archive.
I. INTRODUCTION
Symbiotic stars are believed to be interacting binaries embedded in an ionized common envelope formed by a stellar wind lost by either one or both members of the system or by material that has been ejected during outbursts. Symbiotics generally consist of an M giant, which is often a Mira or latetype semiregular variable, and a hot companion with an effective surface temperature in the approximate range 25,000 K ::5 Terr ::5 100,000 K, appropriate to white dwarfs or the central stars of planetary nebulae. In a few cases, the presence of a main-sequence star is suspected. In many of these systems tidal interaction is believed to form an accretion disk around the compact secondary. The formation of hot accretion streams that results from the tidal interaction between the binary members may explain the presence of high-excitation permitted and intersystem emission lines that characterize symbiotics in the optical and UV.
Orbital periods of symbiotics vary from two to several dozen years. In these widely separated binaries, the stellar components evolve independently as long as both remain on the main-sequence, but they interact considerably during late stages of evolution. This particular evolutionary aspect uniquely distinguishes symbiotics from other classes of interacting binaries. The relevant interaction processes include mass expulsion from a common envelope between the stars, accretion disk formation, outbursts, and mass outflow that can lead to the formation of jetlike structures (e.g., CH Cyg, R Aqr). There is still much to learn about the nature of symbiotic systems due to the difficulty of directly observing the secondary star.
At visual wavelengths, symbiotic stars are characterized by the presence of absorption features and continua appropriate 183 for a late-type M star, often a Mira or other long-period variable. Nebular emission lines, including both forbidden and Balmer line emission, suggest the presence of a high-excitation source (Boyarchuk 1975) .
The near and far-UV afford an opportunity to directly probe t~e ~emporal behavior of high-excitation emission lines in symbwttcs because the luminous M star, which dominates the integrated visible and infrared light, makes essentially no contribution at UV wavelengths. Thus, the far-UV provides a means of directly probing the high excitation source in these systems. The U_Y ~pectra of symbiotic stars suggest an enormous range of excitatiOn that extends from low-temperature species such as 0 I).."").. 1302-1306, C II )..A 1334,1335, Si II).."").. 1806,1816, and Mg II ""A.A 2795,2802 to strong resonance emission lines such as N v ""A. ""A. 1238, 1242, C IV ""A.A 1548, 1550, as well as other high-ionization lines such as He II ""A.1640 that are photoexcited by the EUV continuum radiation that corresponds to a source with a Terr of at least 50,000 K to 100,000 K. Moreover, the intersystem lines ofO IV] ""A. ""A. 1397 ""A. -1407 Allen (1982) has defined two categories of symbiotic stars based upon IR photometry. TypeS stars have blackbody continuum emission in the K-band, while type D symbiotics ex-· hibit thermal silicate emission from dust. Most known symbiotics ( -110 out of 140) are S types, and about 30 (20%) are classified as type D.
S-type systems contain an M giant and often exhibit a stellar blackbody c~mtinuum flux distribution in the far-UV. In the 1200-2000 A wavelength range of the IUE SWP camera this flux is generally appropriate to a Terr ~ 50,000 K star (Penston & Allen 1985) , which is in agreement with the presence ofthe ~ _v, C IV,_ a~d He II emission lines. The presence of strong silicate emission at I 0 to 20 JLm seems to correlate with the presence oflong-period variables, e.g., Miras, in D-type symbi-symbiotics observed in the L WR/L WP wavelength range of 1900-3200 A. A complete catalog of all42 symbiotic stars that have been observed by IUE was not possible because many of the spectra were either significantly underexposed or saturated. This atlas complements various other catalogs (see Allen 1984; Sahade, Brandi, & Fontenla 1984; Kenyon 1986) . Table 1 lists the observational parameters for each object: right ascension, declination, date and time, SWP number, and, if applicable, orbital phase. A final column indicates whether an eruptive object was in the active or quiescent stage. The absolute line intensities for the most prominent emission lines present in the SWP wavelength range are shown in Table 2 . Several of the symbiotic stars in the Atlas have far-UV spectra that show large temporal flux variations. These include both systems with phase-dependent occultation effects in known eclipsing binaries with well-determined ephemerides and outburst systems in active and in quiescent states.
General properties of the stars in the atlas, such as spectral type, radio flux, Mira period, etc., are given in Table 3 . Finally, Table 4 compares the spectral features such as intercombination line strength, resonance line strength, and continuum flux distribution of the symbiotic stars.
OBSERVATIONS AND ANALYSIS
The IUE spectra presented in the atlas were analyzed and produced with data analysis routines written in IDL available at the /UE Regional Data Analysis Facility (RDAF) at the NASA Goddard Space Flight Center. Since the IUE spectra presented in this atlas were collected at different epochs, we have reprocessed all of the IUE SWP spectra with the latest IUESIPS data reduction routines. This insures, as much as possible, that all spectra for each object have been analyzed using the same calibration and extraction procedures.
For objects that exhibit strong UV flux variations, i.e., eclipsing systems and systems with active and quiescent states, we have given the absolute fluxes at the phases specified in Table 1 . For the faintest stars (BI Cru, LMC Anon, He 2-38), spectra have been co-added to increase the signal-to-noise ratio. The spectra in this atlas have not been corrected for interstellar extinction, because the precise nature and value of the circumstellar extinction component present is quite uncertain. However, accepted values for E 8 .v are listed in Table 3 .
In systems where the UV continuum is well exposed, absolute emission-line fluxes are taken relative to the continuum base. Otherwise, in weak continuum objects the absolute fluxes are taken above zero. The absolute emission-line fluxes found in Table 2 are subject to IUE uncertainties of about 20% for the strongest lines. The weaker lines are more affected by calibration errors and poor signal-to-noise ratio. In addition, there has been a mean sensitivity degradation in the SWP camera of about 1% per year (Bohlin & Grillmair 1988) . Combining these effects, we estimate a maximum uncertainty in the comparison of absolute IUE line fluxes of approximately 30% over the period from 1978 to 1988.
DISCUSSION OF INDIVIDUAL STARS
In this section we provide brief descriptions of the far-UV spectra and the most important properties of the symbiotic stars in this atlas. Further information about each of these objects is provided in the accompanying tables.
EG Andromedae
We present in Figure 1 UV spectra of EG And both in and out of eclipse during the years 1978-1984. The spectra shown illustrate its behavior at visual minimum and maximum phases (Chochol et al. 1987) . Principal among the emission lines in the far-UV are N IV), C IV, He II, 0 III), N III), Si III), and C III]. The continuum flux distribution clearly increases toward shorter wavelengths out of eclipse yet vanishes when the star is near minimum phase. This could indicate that the hot star is being eclipsed by the extended atmosphere of the cool primary (see Fig. 1 ). Several emission lines (e.g., N v A.A. 1238 ,1242 ,0 I A.A. 1302 -1306 , He II A.1640 , and N IV A.1718 are very weak at minimum phase. Using a UV light curve, on the other hand, Munari et al. ( 1988) explain these variations as a reflection effect rather than eclipse-like variations of the star. We suggest that these variations could also occur if the high-excitation lines N v A.A. 1238 ,1242 and He II A.1640 are formed close to the secondary star, in which a high-excitation, compact line-emitting region is more susceptible to eclipses. Figure 2 shows UV spectra of AX Per corresponding to several orbital phases in the visible. For this, we used the optical ephemeris determined by Kenyon ( 1982) . The UV continuum flux distribution is flat during optical minimum but increases ..... C"
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.j:>. Seaquist & Taylor (1990); Seaquist (1988) . (Fig. 2) steadily decrease, while the Hen A.1640 emission line increases, consistent with progressively higher density regions coming into view during this orbital phase. The UV flux distribution of AX Per is similar to that ofCI Cyg because they are both relatively flat (independent of wavelength) and exhibit intense narrow emission lines (Kenyon 1986 ).
LMC Anon
Three UV spectra ofLMC Anon have been co-added (Fig. 3 ) to increase the signal-to-noise ratio. The UV continuum is very weak but shows a slight increase toward shorter wavelengths consistent with hot, stellar blackbody emission. N v A.A. N IV], which are about 2-3 times stronger than the He II and C IV lines, respectively. The presence of relatively weak carbon and strong nitrogen emission lines suggests evidence of CNO processing (Kafatos et al. 1983 ).
LMCS63
The UV spectrum of LMC S63 shown in Figure 4 
RX Puppis
RX Pup is a D-type symbiotic star similar to a slow nova (Swings & Allen 1972) . Six of the nine ultraviolet observations of RX Pup taken between 1980-1986 are in Figure 5 . The far-UV spectrum ofRX Pup exhibits a variety of strong emission lines that are superposed on a continuum, which sometimes increases toward longer wavelengths. C IV 
He 2-38
The two spectra of He 2-38 shown in Figure 6 have been co-added to increase the signal-to-noise ratio. Only the strongest emission lines were detected above background. ).
Bl Crucis
Two SWP spectra of BI Crucis (Fig. 8) were co-added for noise reduction. Even so, the UV spectrum of this symbiotic is characterized by a noisy continuum, if any, with a UV flux distribution which increases toward shorter wavelengths. Only a few emission lines can be clearly identified in the enhanced spectrum.
RWHya
The SWP spectra ofRW Hya in Figure 9 , obtained between 1979 and 1987, exhibit a UV continuum flux distribution which increases noticeably toward shorter wavelengths, consistent with hot stellar blackbody emission. The presence, in some cases, of many broad, high-ionization emission lines ofBI Cru have been co-added to increase the signal-to-noise ratio. Even so, the UV continuum is still noisy. X indicates a cosmic-ray hit.
... 1907, 1909 implies that the compact nebula in which both the primary and secondary stars are embedded has particularly high densities, in agreement with Kafatos, Michalitsianos, & Hobbs ( 1980) . Further observations should be made to determine ifRW Hya is an eclipsing system .
He 2-106
The UV spectrum of He 2-106 (Fig. 10) is generally noisy, but UV continuum emission is present longward of 1600 A. 
... 
Hen 1092
The IVE spectrum of Hen 1092 (Fig. 11) (SWP 3815 and SWP 5804) exhibit vastly different continuum levels compared with more recent spectra. The two spectra taken in 1986 (SWP 27556 and SWP 28715) suggest large variations in the continuum level. These continuum variations with timescales of about 1 yr could be associated with accretion. Kenyon & Garcia ( 1986) suggest that an accreting main-sequence star, rather than a white dwarf, that gains -10-6 M 0 yr-1 is the hot companion. Fluctuations associated with an optically thin disk may be responsible for the substantial variations in the UV continuum and emission-line flux observed.
AG Draconis
The IUE spectra taken of AG Ora are characterized by either a strong continuum rising toward shorter wavelengths in outburst or a flat, weak continuum in quiescence. Both phases are associated with intense permitted emission lines (e.g., N v, C IV, He II), and weak intersystem emission lines (e.g., N III], Si III], C m]) (Fig. 13) . Emission-line intensities increase by a factor of 3 to 6 during active phases, compared with quiescence. The continuum level was considerably higher in the 1980/1981 outburst (SWP 11002, SWP 15709) than in the 1985/1986 outburst (SWP 27542). N v, C IV, and He II are the strongest emission lines in both active and quiescent states, while Si III] and C III] are always weak or absent, consistent with a high-density nebula (10 10 ~ ne ~ 10 11 cm-3 ) (Kafatos, Meier, & Martin 1993) .
HK Scorpii
One of the least studied symbiotics, HK Sco exhibits a relatively weak UV continuum that is relatively flat and noisy. However, N v AX 1238,1242, C IV AX 1548,1550 and He II A.1640 are both present suggesting a hot source 65,000
CL Scorpii
Although the spectrum of CL Sco (Fig. 15) is rather noisy, the continuum rise with increasing wavelength is evident. 
Hl-36 Arae
In this UV spectrum ofH 1-36 Arae (Fig. 16) , the most prominent lines are the broad emission profiles of C IV ")...")... 
YCrA
The far-UV spectrum of Y CrA in SWP 6820 (Fig. 17) is relatively weak. This early IUE exposure shows a low, flat con- 
YY Herculis
The far-UV spectrum ofYY Her is dominated by the emission lines ofN v, N IV], C IV, He II, and 0 III] superimposed on a flat continuum (Fig. 18 ). Many semiforbidden lines (i.e.
N III], Si m], and C m]) in the spectrum longward of 1700 A are very weak. The emission line intensities decreased generally by a factor of2 to 3 between 1980 May and 1981 December. Over this 1.5 yr period, the intensity in N v and 0 I decreased by factors of 6 and 4, respectively, consistent with YY Her being an eclipsing system. However, the continuum flux did not decrease together with the emission line fluxes, except below 1400 A, suggesting the regions in which free-free and freebound emission originate are more extended than the line forming regions.
AS 296
The IUE spectra of AS 296 are noisy and exhibit a weak continuum. In the spectra shown here, C IV")...")... 1548,1550 is the only prominent high-excitation line. The first two spectra in Figure 19 ....
,.... -----,----.,---.,. ....-----, -Low-resolution SWP spectra of the symbiotic star AS 296. All spectra are underexposed. C IV XX 1548,1550 is the most prominent emission line. X indicates a cosmic ray hit. (Munari 1988) . The latter of these suggests an increase in the continuum flux longward of 1600 A and an increase in the intensity of many of the intersystem lines (e.g., 0 III], Si III], and C m]). This increase in the intersystem line strength, coupled with a decrease in the principal permitted lines ofC IV and He n could indicate that the atmosphere of the M giant has been photoionized by the hot star.
AS 295B
The UV spectrum of AS 295B in Figure 20 shows broad emission lines of C IV A.A. 1548,1550 and He II A. 1640. As with H 1-36 Arae, underexposure has left no trace of a continuum.
AR Pavonis
IUE ultraviolet spectra of AR Pav in and out of eclipse (Fig.  21 ) , indicate that the UV continuum and emission lines strongly depend on the orbit phase. When AR Pav is out of eclipse (SWP 5829, SWP 13956) (Andrews 1974 ) the continuum flux rises noticeably with increasing wavelength and the emission lines tend to be stronger; C IV A.A. 1548,1550 and He II A. 1640 fluxes also increase by a factor of2. During a minimum visual phase there is an overall decrease in continuum and emission line intensities expected because the hot star is partly occulted. This decrease can be seen in SWP 10510, SWP 16857, and SWP 17070, which show the presence of continuum and emission lines around phase <I> = 0.0 (±0.1 ).
V443 Herculis
The far-UV spectra ofV 443 Her shown in Figure 22 
BF Cygni
The UV spectra of BF Cyg (Fig. 23 ) indicate a strong UV continuum which increases toward shorter wavelengths, except near visual minimum, <I> = 0.0, when the hot star is in eclipse. The UV continuum flux distribution varies with the photometric ephemeris determined by Mikolajewska (1987) , consistent with an occultation of the hot companion star. The spectra at minimum show a flat continuum with weak N v and 0 I (SWP 13477 and SWP 30924), while spectra near maximum exhibit a strong UV continuum and emission lines. ..J 
CH Cygni
The far-UV spectra ofCH Cyg (Figure 24) show many variations covering the period [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] that is accompanied by weak emission features, suggesting that the system is in a low-excitation, quiescent state. Line blanketing from Fe II is not apparent.
HM Sagittae
The IUE spectra of the D-type symbiotic star HM Sge shown in Figure :.\1601, usually weak in most symbiotics, are very strong in the UV spectrum of V1016 Cyg. All orbital phases were determined using the UV ephemeris of Nussbaumer & Schmid (1988) . During a UV maximum, <I> = 0.5 (±0.1), the emission lines increase in strength by a factor of about 2. The strongest emission spectra reproduced are SWP 5611 and SWP 9878, both of which are near UV maximum. Whitelock ( 1987) finds that the UV continuum is strongly reduced by both interstellar and circumstellar reddening.
RR Telescopii
The SWP spectra shown in Figure 28 exhibit many strong emission lines that include N v, Si IV, 0 IV], N IV], C IV, He 11, 0 111], and C III], reflecting a broad range of ionization energies. There are many strong permitted lines from the spectra ofN v, C IV, and He n that provide evidence of a hot star Thot ~ 10 5 K. The emission-line intensities have varied by a factor of 2 or 3 between the 1978 and 1987 IUE observations, consistent with the behavior of slow novae which exhibit a slow decline following outburst.
HBV 475
The far-UV spectrum ofHBV 475 (or V1329 Cyg) exhibits very weak UV continuum flux and a wide assortment of permitted and intersystem lines that includes N v, Si IV, 0 IV], .... (Fig. 29) . IUE spectra taken between 1980-1988 show increased emission during a visual maximum phase <I> = 0.5 (±0.1) and a subsequent decrease in activity during a visual minimum <I> = 0.0 (±0.1 ). Orbital phase values were calculated using the ephemeris min(V) = JD 2,424,870 + 950dE (Grygar eta!. 1979) . There is a decrease in most emission-line intensities by a factor of 3, 4, or even greater between phase <I> = 0.5 (±0.1) and phase <I>= 0.0 (±0.1). During minima, both the UV continuum and emission lines have decreased intensity, providing evidence of an eclipsing binary system.
AG Pegasi
AG Peg is one of the brightest symbiotic stars in the SWP wavelength range. The UV spectrum contains many broad intense emission lines (e.g., N v, N IV], C IV, He 11, and 0 III]) and a UV continuum which rises toward shorter wavelengths. In Figure 30 , N v AX 1238,1242 has a broad base, perhaps in part due to continuum flux. The rise of continuum emission with decreasing wavelength indicates a hot component with Thot A are weak (Fig. 30) , suggesting a very dense (ne ~ 10 10 cm-3 ) nebular region (Keyes & Plavec 1980; Penston & Allen 1985) .
Z Andromedae
The far-UV spectrum of Z And shows many strong intercombination and permitted emission lines that are superposed on a strong continuum which increases toward longer wavelengths during activity but is relatively flat in quiescence. Figure (SWP 26937, 27028, 27203, 27632) , which was followed by a period of quiescence from 1986 June to 1988 January (SWP 32208, 32845) (Cassatella et a!. 1988a,b ) . In outburst, there was an increase in UV absolute continuum flux that was accompanied by an increase in emission line intensities by factors of2 or 3 for many of the intersys- 8~----,-----~------.------, 8~----,------.~----,------, SWP3792 SWP26569 component. This behavior agrees with the model of Fernandez-Castro et al. (1988) . During quiescence, the UV continuum is relatively flat and the permitted emission lines ofN v, C IV, and He II are much brighter than during outburst, indicating that the photoionizing flux emitted by the hot star is enhanced.
R Aquarii
R Aqr is a complex, D-type system containing a cool Mira, a hot secondary, a circumstellar envelope, and a jet of nebular material extending -6" NE of the system (Wallerstein & Greenstein 1980) . The IUE observations of the H II region ofR Aqr shown in Figure 32 A. 1907,1909 . SWP spectra taken between 1979 January and 1988 January reveal weak to moderate emission strength, with C IV and C m] being the strongest lines. The continuum flux distribution is relatively flat as a function of wavelength over the entire SWP range.
